Bulk water exists in many forms, including liquid, vapour and numerous crystalline and amorphous phases of ice, with hexagonal ice being responsible for the fascinating variety of snowflakes 1, 2 . Much less noticeable but equally ubiquitous is water adsorbed at interfaces and confined in microscopic pores. Such low-dimensional water determines aspects of various phenomena in materials science, geology, biology, tribology and nanotechnology [3] [4] [5] [6] [7] [8] . Theory suggests many possible phases for adsorbed and confined water [9] [10] [11] [12] [13] [14] [15] [16] [17] , but it has proved challenging to assess its crystal structure experimentally [17] [18] [19] [20] [21] [22] [23] . Here we report high-resolution electron microscopy imaging of water locked between two graphene sheets, an archetypal example of hydrophobic confinement. The observations show that the nanoconfined water at room temperature forms 'square ice'-a phase having symmetry qualitatively different from the conventional tetrahedral geometry of hydrogen bonding between water molecules. Square ice has a high packing density with a lattice constant of 2.83 Å and can assemble in bilayer and trilayer crystallites. Molecular dynamics simulations indicate that square ice should be present inside hydrophobic nanochannels independently of their exact atomic nature.
Bulk water exists in many forms, including liquid, vapour and numerous crystalline and amorphous phases of ice, with hexagonal ice being responsible for the fascinating variety of snowflakes 1, 2 . Much less noticeable but equally ubiquitous is water adsorbed at interfaces and confined in microscopic pores. Such low-dimensional water determines aspects of various phenomena in materials science, geology, biology, tribology and nanotechnology [3] [4] [5] [6] [7] [8] . Theory suggests many possible phases for adsorbed and confined water [9] [10] [11] [12] [13] [14] [15] [16] [17] , but it has proved challenging to assess its crystal structure experimentally [17] [18] [19] [20] [21] [22] [23] . Here we report high-resolution electron microscopy imaging of water locked between two graphene sheets, an archetypal example of hydrophobic confinement. The observations show that the nanoconfined water at room temperature forms 'square ice'-a phase having symmetry qualitatively different from the conventional tetrahedral geometry of hydrogen bonding between water molecules. Square ice has a high packing density with a lattice constant of 2.83 Å and can assemble in bilayer and trilayer crystallites. Molecular dynamics simulations indicate that square ice should be present inside hydrophobic nanochannels independently of their exact atomic nature.
Many molecular dynamics (MD) studies [9] [10] [11] [12] [13] [14] [15] [16] [17] have explored the structure of low-dimensional water and predicted a great variety of phases, with results sensitive to modelled conditions and sometimes appearing conflicting. For example, buckled monolayer ice 10 and flat hexagonal ice 14, 16, 23 , respectively, were found inside hydrophilic and hydrophobic nanochannels below room temperature, whereas no in-plane order was observed for water inside simulated mica (hydrophilic) and graphite (hydrophobic) nanochannels at and above room temperature 13, 15 . A close analogue of planar square ice was seen in MD simulations of water inside carbon nanotubes 9, 11, 12, 18 , where water molecules form a monolayer that can be viewed as a sheet of square ice rolled up into a quasi-onedimensional cylinder. Neutron studies 18 revealed features consistent with the existence of such 'ice nanotubes', which melted above 50 K. Twodimensional (2D) ices have also been found experimentally on the surfaces of mica and graphite [19] [20] [21] [22] [23] . The studies using scanning probe microscopy [20] [21] [22] and electron crystallography 19, 23 show that near-surface water can form correlated, solid-like layers. As for their intralayer structure, information is only available for 2D ices grown below 150 K, which were found to be hexagonal, with in-plane coordination similar to that of bulk ices 19, 23 . For this study, we deposited a graphene monolayer on a standard transmission electron microscopy (TEM) grid, exposed it to a small amount of water and covered it with another graphene monolayer 24, 25 (see 'Sample preparation' in Methods for full details). Most of the water was squeezed out by van der Waals forces that brought the two graphene layers together, but some water remained trapped in numerous pockets of submicrometre size (Extended Data Fig. 1 ). We also prepared reference samples similar to those described in ref. 24 , in which a larger amount of deposited water resulted in three-dimensional droplets of ,10-100 nm in thickness (Extended Data Fig. 2 ). The TEM studies were carried out using transmission electron microscope FEI TITAN 80-300 operated at 80 kV.
Typical atomic-resolution images of graphene-confined water are shown in Fig. 1a and Extended Data Figs 1b and 3a-i. High-contrast dark spots correspond to oxygen and indicate the positions of the water molecules. Hydrogen atoms yield too little contrast to be resolved even by the state-of-the-art TEM. The encapsulating graphene layers are seen in some parts of the images as a faint background with hexagonal symmetry 25, 26 . The images can easily be improved by digitally subtracting the contribution from the encapsulating graphene 25 , but we avoid this additional processing in view of the quality and contrast of our raw data, which clearly show water forming a regular square lattice. Fast Fourier transform analysis of the ice lattice yielded a distance a between nearestneighbour oxygen atoms of 2.83 6 0.03 Å (Fig. 1a) , with no alignment with the graphene lattice observed. We note that the atomic-resolution imaging of interfacial ice is possible only because of the use of graphene: its low atomic number and crystallinity result in a minimal background and high contrast for oxygen atoms 24, 26 , and its mechanical strength, high thermal and high electrical conductivity and chemical stability protect encapsulated water from sublimation and the adverse effects of electron irradiation 25, 27 (see 'Transmission electron microscopy' in Methods). To confirm that the observed square lattice is indeed formed by water, we acquired electron energy loss spectra (EELS) from areas with ice such as shown in Fig. 1a and from areas without any visible amount of trapped water. Figure 1b compares typical spectra around the oxygen K-edge (which are sensitive to the state of water 28 ). The ice-free areas show little oxygen signal. In contrast, square ice exhibits a spectrum with an overall shape that is qualitatively similar to EELS for three-dimensional ices such as hexagonal I h and diamond cubic I c ices 28 (inset of Fig. 1b ). But there are also notable differences, such as the approximately 6-eV difference between the main EELS peak positions for square ice and for three-dimensional ices. The energy separation between the main and secondary EELS peaks gives an independent estimate of the oxygenoxygen distance of about 2.8 Å (see 'EELS analysis' in Methods), in agreement with the observed lattice constant. Also, EELS measured for large water droplets found in our reference samples agree with the spectra expected for mixtures of liquid water and water vapour (Extended Data  Fig. 2b) .
The square ice is found to be highly mobile under the electron beam (Extended Data Fig. 3 and Supplementary Video), with uniform monolayers starting to break into crystallites about 10 nm across with sharp crystallographic edges after the first few seconds of imaging. The crystallites change shape, split and merge, with the frequency of reconstruction increasing with beam current. Grain boundaries and dislocations form as the crystallites move and coalesce, but high crystallinity is preserved with no sign of ice melting or amorphization (Extended Data  Fig. 3 ). The strong TEM contrast variations seen in such images arise from differences in ice layer numbers, as illustrated in Fig. 2 , where equal-height steps in contrast correspond to changes from monolayer to bilayer and to trilayer ice (see Extended Data Fig. 4 for details) . Using the quantified contrast to examine many images and videos of 2D ice, we found that three is the maximum number of ice layers observed in our experiments.
The TEM images show unambiguously that water molecules in the few-layer ice are AA stacked, with oxygen atoms in adjacent layers sitting directly on top of each other. The AA stacking is evident when comparing experimental (Fig. 2a) with simulated (Fig. 2b, c) TEM images: AB stacking results in oxygen atoms in the second layer occupying the sites between oxygen sites in the first and third layers, which in turn results in a perceived 45u rotation of the water lattice and reduction in the projected oxygen spacing. Furthermore, the reduced spacing leads to lower contrast and, consequently, a qualitatively different appearance of AB bilayers (Fig. 2c ) compared to the experimental images (Fig. 2a) . Note that stacking controls the difference between different phases of bulk ice. For example, hexagonal and diamond cubic ices both consist of puckered hexagonal layers but have AB and ABC stacking, respectively. In all bulk ice phases the bonding between water molecules follows so-called 'ice rules' that require a tetrahedral coordination of hydrogen bonds 1, 2 . In contrast, the few-layer ice we report here corresponds to 90u hydrogen bonding both within and between layers.
To support our TEM observations, we carried out MD simulations of water in graphene nanocapillaries (Methods). Distances between the carbon plane centres were varied from 6.5 Å to 11.5 Å , to accommodate one to three monolayers of water (Extended Data Fig. 5 ). For narrow 2D channels that can accommodate only one monolayer, we always found square ice with a 5 2.81 6 0.02 Å , in agreement with experiment ( Fig. 2d and Extended Data Fig. 6 ). This MD result is robust, showing little dependence on the capillary width, applied pressure or whether graphene sheets were made rigid, flexible or freely moving (Methods).
For wider capillaries that accommodate two or three monolayers of water, no in-plane ordering could be found under simulated ambient conditions. Instead, water molecules form a distinct layered structure but locally maintain the tetrahedral arrangement of hydrogen bonds both within and between the layers (Extended Data Fig. 7a, b ). We believe 
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this apparent disagreement between simulation and experiment arises because adhesion between the encapsulating graphene sheets imposes pressure on the water as it is squeezed into a small volume, and this needs to be taken into account in simulations. As illustrated in Extended Data Fig. 8 , this pressure-we refer to it as van der Waals pressure-can be estimated from the energy gain due to such squeezing according to
, where E W < 20-30 meV Å 22 is the adhesion energy 29, 30 and d < 3.5 Å is a typical interlayer distance. This estimate agrees with our simulations of hydrostatic pressure acting on a gas trapped between freely moving graphene sheets (Methods). To mimic the effect of van der Waals pressure, we ran simulations with an applied external pressure P (as illustrated in Extended Data Fig. 5 ) and found a pronounced transition from in-plane disorder at low P to layered ice at P . 1 GPa (Extended Data Figs 7 and 9 ). The layered ice exhibited the same lattice constant (a 5 2.81 6 0.02 Å ) as the monolayer, in agreement with experiment.
The MD simulations fail, however, in reproducing the observed AA stacking and instead show a tendency for crystals with AB stacking or no interlayer order (Extended Data Figs 7 and 9 ). The disagreement is perhaps not surprising when we consider that as P increases to reach the crystallization transition, hydrogen bonds switch to the in-plane configuration (Extended Data Figs 7d and 9b) so that coupling between monolayers of square ice becomes van-der-Waals-like. Such weak coupling is known to be extremely difficult to accurately account for theoretically. Moreover, in the experiment the graphene-confined ice exhibits sharp steps between terraces (see Fig. 2 ), which can result in extra lateral forces acting on different layers not considered in the simulations. Finally, our simulations for bilayer and trilayer ice yield an interlayer separation of c 5 2.8 6 0.3 Å , which gives a crystal lattice close to the simple cubic structure (c 5 a) and a density approximately 1.5 times higher than that of common ice. But the exact structure is still, strictly speaking, tetragonal because of the qualitative difference between interlayer and intralayer bonding (Extended Data Figs 7 and 9) .
The 2D ice we report here exhibits coordination that is qualitatively different from the conventional tetrahedral coordination in bulk and surface ices. We expect it to be common inside hydrophobic nanocapillaries under ambient conditions, basically because the water-surface interaction in such confinement is much weaker than the interaction between water molecules. Indeed, our MD simulations yield the same square lattices inside non-graphene capillaries with widely varying hydrophobicity (Extended Data Fig. 10 ). The existence of low-dimensional ice at room temperature has been proposed to explain the fast water permeation through hydrophobic nanocapillaries, including carbon nanotubes and graphene-based membranes, and our report supports this idea. The van der Waals pressure invoked here may be important in many nanoscale phenomena.
Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper. 
METHODS
Sample preparation. Graphene monolayers were grown on Cu foils by chemical vapour deposition and then transferred onto gold Quantifoil grids (Au mesh covered with an amorphous carbon film having a dense array of holes with a diameter of 1.2 mm). Importantly, a thin layer of Pt was deposited on the TEM grids before graphene transfer in order to reduce hydrocarbon contamination 31 . For the transfer, several Quantifoil grids were immersed in isopropanol and then placed 'face down' onto a piece of graphene on copper about 1 cm 2 in size. As the isopropanol evaporated, the amorphous carbon film of the TEM grid came into contact with graphene and became attached to it 32 . After that the assembly was floated on the surface of ammonium peroxodisulfate for several hours until all copper was slowly etched away, leaving free-floating graphene with several TEM grids attached to it. This was broken into pieces, with one grid attached to each, washed in water and isopropanol and left to dry in air at room temperature. After that 1 ml of deionized water was carefully cast on top of one of the grids, and another graphene-covered grid was placed on top, covering the water droplet. The resulting sandwich was left to dry under ambient conditions overnight, during which time the water drop slowly evaporated, bringing the two graphene layers together and gradually squeezing the liquid out so that only a small amount of adsorbed water remained captured in between the graphene sheets. TEM. The use of both a relatively low operating voltage (80 keV) and the aberration correction were essential in our study: higher voltages are known to produce knock-on damage in graphene 33 and the aberration correction, even at relatively low acceleration voltages, allows atomic-resolution imaging of both graphene and water. The spherical aberration coefficient was set to 30 mm and the sample was imaged at Scherzer focus, resulting in dark atom contrast. The background pressure in the microscope was ,10
28 mbar, and all experiments were carried out at room temperature. Aberration-corrected high-resolution TEM images were acquired at a dose of 3 3 10 4 electrons per nm 2 and an exposure time of ,1 s per frame. The exposure of the studied area before acquisition of the reported images was approximately 600 electrons per nm 2 . No notable heating by the electron beam is expected under these operating conditions. Indeed, for amorphous carbon films under similar experimental conditions, the heating was estimated to be ,1 K (ref. 34) . As thermal conductivity of graphene is 3,000 times higher than that of amorphous carbon, we expect even less heating in our case. This agrees with our observation that the appearance of square ice did not qualitatively change with increasing or decreasing of the beam current.
The majority of our samples remained intact during the relatively long exposures to the electron beam (typically, 10-20 min); in a few cases only, we noticed etching of graphene 27, [33] [34] [35] [36] . This is in contrast to the earlier work on frozen aqueous samples that suffered from fast sublimation under the electron beam 27, 28, 37 . The high stability of 2D ice is due to graphene encapsulation. The highly conductive graphene layers (both electrically and thermally) provide an efficient channel for absorbing and rapidly dissipating the energy introduced by electron impacts, thus reducing the damage to ice crystals. This effect of graphene encapsulation was recently demonstrated in TEM studies 25, 38 of monolayer MoS 2 , a radiation-sensitive material. The encapsulation reduced the damage rate by nearly three orders of magnitude as compared to non-encapsulated MoS 2 . Similarly, graphene capillaries in the present work served not only as a confinement channel but also as protection against the beam damage, which enabled us to observe the ice crystals without immediately evaporating or destroying them. EELS analysis. Electron energy loss spectra 39, 40 were acquired using GIF Quantum ER filter in the diffraction mode (convergence angle of 1.8 mrad and collection angle of 4.4 mrad). The spectra were recorded with exposure and integration times of 5 s and 200 s, respectively. A low pass filter (two pixels) and linear background subtraction were applied. All EELS showed prominent signals from carbon and oxygen. Hydrogen is not detectable with the instrument. No other elements could be detected, except for a small amount of Si that is commonly present in all areas because of contamination during sample preparation 41 . The overall appearance of EELS curves allows us to distinguish immediately between ice and mixtures of liquid water and water vapour (compare Figure 1b and Extended Data Fig. 2) . Furthermore, bulk ices such as I c and I h have rather similar spectra 28 , more similar to each other than to the observed EELS for square ice. This is understandable given that both I c and I h consist of puckered hexagonal layers, which is different from the planar square configuration. We have also used the spectral positions of the main and secondary peaks (see Fig. 1b ) to estimate interatomic distances in the square ice. Secondary peaks (after the main ionization threshold that happens in our case at about 540 eV; Fig. 1b ) arise owing to multiple scattering, and the energy separation DE obeys the relation 42 DE 3 R 2 5 C, where R is the distance between oxygen atoms and C is a constant. Using C 5 150 (this value was empirically determined for cubic ice 43 , which is the closest approximation to square ice to be found in the literature) and an energy of about 559 eV for the prominent secondary peak in the observed EELS, we estimate R 5 2.80 6 0.07 Å . The good agreement between this value and a obtained from atomic-resolution TEM images provides an independent confirmation of the crystal structure of square ice.
In principle, the interlayer separation in layered crystals can be determined by TEM imaging at different tilt angles. Unfortunately, this is impossible to achieve in practice for our nanoscale crystals, which constantly move and rotate under the electron beam. Indeed, for acquiring interpretable high-resolution images, crystals need to be oriented precisely along a zone axis and remain stationary during imaging. The reason that high-resolution imaging is possible in our case is that the graphene layers fix the orientation of ice crystals relative to the electron beam. Even though the crystals change their in-plane orientation (rotate), the [001] direction remains parallel to the optical axis of the microscope. Analysis of TEM images. To determine the number of layers in 2D ice crystallites, we quantified the contrast from oxygen atoms using a variance filter, as illustrated step by step in Extended Data Fig. 4 and explained in its legend. This resulted in contrast maps such as that in Extended Data Fig. 4d . They show that the average contrast changes in steps of equal height. There are three distinct parts in the ice crystallite in Extended Data Fig. 4a , of one, two and three monolayers of water each.
The simulated images presented in Fig. 2b and c were obtained as follows. First, we constructed a square lattice of water molecules arranged in one, two or three layers with different stacking orders. After that, TEM images for different arrangements were simulated using QSTEM software 44 and the parameters corresponding to our experimental conditions (accelerating voltage and spherical aberration coefficient). MD setup. Most of our simulations were done for the geometry shown in Extended Data Fig. 5 . This involved two water reservoirs that contained 2,000 molecules each and were connected by a relatively long capillary formed by two parallel graphene sheets. The length and width of the graphene channel were kept at 68 Å and 56 Å , respectively. The height h was chosen to be 6.5 Å , 9.0 Å and 11.5 Å in order to accommodate one, two and three layers of water molecules, respectively. The graphene sheets were either kept rigid or allowed to be flexible during simulations. Unless stated otherwise, water was modelled using the extended simple point charge (SPC/E) model, which is described by the sum of a long-range Coulomb potential and a short-range Lennard-Jones potential 45 . The parameters for watergraphene interaction were chosen as in ref. 46 . The long-range interactions were computed using the particle-particle particle-mesh (PPPM) algorithm, with a convergence parameter of 10
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. Periodic boundary conditions were applied in all three directions of the simulation box.
For monolayer ice, we have also performed MD simulations for freely moving graphene sheets that 'self-consistently' enclose trapped water molecules (Extended Data Fig. 8d ). For bilayer and trilayer ice, the graphene confinement observed experimentally is terraced with atomically sharp steps between ice terraces (see Fig. 2 ). It has proved difficult to reproduce such a terraced confinement in MD analysis. Therefore, the high pressure induced by encapsulating graphene sheets (see below) was modelled to a first approximation by applying a hydrostatic pressure P in the direction parallel to the graphene layers, as shown in Extended Data Fig. 5 .
MD simulations were performed in an isothermal, isobaric ensemble, in which temperature (298 K) and pressure were controlled by the Nose-Hoover thermostat and barostat, respectively. In the equilibrium run, pressure P was kept at 1 atm (10 24 GPa) for 5 ns, during which time water molecules filled the graphene nanocapillary. After that, P was increased up to 10 GPa over 15 ns. A time step of 1.0 fs was used for the velocity-Verlet integrator. All the simulations were carried out using LAMMPS 47 . To determine the lattice parameter a, we counted the number of water molecules over the entire area of the graphene capillary. Van der Waals pressure. Attractive van der Waals forces between two graphene sheets favour the adhesion of the sheets over a maximal area. If a material (for example, a gas bubble) is trapped between the sheets, the bubble will continue to shrink in size until a built-up hydrostatic pressure is able to balance the adhesion forces. For a quasi-2D confinement such as that shown in Extended Data Fig. 8a , it is straightforward to estimate the resulting van der Waals pressure, P W . Indeed, a displacement d of the enclosure boundary results in a gain in adhesion energy equal to d 3 L 3 E W , where L is the enclosure circumference and E W is the difference between graphene-graphene and graphene-water adhesion energies per unit area. E W can be estimated as a typical value of the adhesion energy for van der Waals materials 29, 30 because the water-graphene interaction is hydrophobic and relatively small. The above displacement requires a work of F 3 d against the internal pressure P W , where F 5 P W 3 d 3 L. For a monolayer of ice, we can use d < 3.5 Å , a typical interlayer distance in van der Waals materials. The equilibrium requires P W 5 E W / d, which yields ,1 GPa for E W < 30 meV Å
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, found experimentally for monolayer graphene 30 .
To support this estimate, we have 'measured' the van der Waals pressure in MD simulations. To this end, a small amount of helium gas (1,000 atoms) was confined between freely moving graphene sheets and the system was allowed to reach equilibrium (Extended Data Fig. 8b, c) . The hydrostatic pressure was estimated by RESEARCH LETTER calculating the virial stress for each He atom and averaging over all of them. This has yielded a pressure of about 1.0 GPa, in agreement with the above estimate. This analysis suggests that high internal pressures are intrinsic for flexible nanoscale confinement and should generally be taken into account in studying the corresponding capillary phenomena. MD analysis of monolayer ice. For the narrowest (6.5 Å ) graphene channel, a monolayer of water was found to form an ordered square lattice with a 5 2.80 6 0.01 Å for the rigid graphene confinement and 2.81 6 0.01 Å for the flexible one (Extended Data Fig. 6 ), which agree well with the experimentally found a 5 2.83 6 0.03 Å . Within our MD accuracy, a was found to be almost independent of pressure for all experimentally relevant P from 0 GPa to 2 GPa. At higher pressures (P . 3 GPa), a puckered square ice started forming.
Simulations for the realistic confinement with freely moving graphene sheets yield the same square ice with the same a (Extended Data Fig. 8d ). To check that the SPC/E model provides sufficient accuracy, we also used the TIP4P/2005 model 48 of water and again obtained square ice with the same a. Extended Data Fig. 8d-f shows small ice crystals that appear in simulations using the above two models with freely moving graphene sheets, which proves the robustness of our MD results with respect to different models, at least for the case of monolayer ice. Simulated few-layer ice. For the wider graphene capillaries (9 Å and 11.5 Å ) that accommodated two and three layers of water, respectively, no lattice formation was found at pressures below 1 GPa. A typical snapshot of the water molecule configuration in a bilayer at 0.5 GPa is shown in Extended Data Fig. 7a, b . In this case, water within each layer forms an amorphous structure, not dissimilar to bulk water or amorphous ice. Locally, water preserves the standard tetrahedral coordination with hydrogen bonds connecting molecules both within and between the layers. As P increases above about 1 GPa, the simulations revealed an order-disorder transition accompanied by a sharp transformation in hydrogen bonding. One can see in Extended Data Fig. 7b, d that hydrogen bonds switch to the in-plane configuration, effectively decoupling the two monolayers of water. At the same time, within each layer water molecules form identical square lattices with the same lattice parameter as for the monolayer ice, a 5 2.81 6 0.01 Å (Extended Data Fig. 7e) . A similar transition was found for the trilayer water (h 5 11.5 Å ) but at somewhat higher pressures of P < 1.3 GPa (Extended Data Fig. 9 ). The values of P at which the order-disorder transition occurs qualitatively agree with the estimated internal pressure induced by adhesion between graphene sheets.
The order-disorder transition was further confirmed by calculations of the peratom potential energy for water molecules in the simulated bilayer and trilayer ice, as shown in Extended Data Fig. 9c, d . The sharp drops in the potential energy at P < 1 and 1.3 GPa for the bilayer and trilayer, respectively, indicate ordering of the hydrogen bonds, which is similar to the known signature of the freezing transition for bulk water 49 . Square ice inside non-graphene nanocapillaries. To show that square ice could be common inside hydrophobic nanochannels, other than those lined with graphene, we performed MD simulations of water confined between two generic walls. The latter were simulated using the Lennard-Jones potential in the form E~4e s=r ð Þ 12 { s=r ð Þ 6 Â Ã , where r is the distance from the wall to water molecules. Parameters e and s describe the depth of the potential well and the distance at which the potential is zero. 1,000 water molecules were placed between such walls separated by 6.5 Å . Periodic boundary conditions were applied in the directions parallel to the walls, and the simulations were carried out using the isothermal, isobaric ensemble as described above. To model capillaries with different hydrophobicity, e was varied from 0.01 kcal mol 21 to 0.2 kcal mol
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. This covers a wide range of surfaces from super-hydrophobic to weakly hydrophilic. Extended Data Figure 10a -d illustrates contact angles for such surfaces. Square ice was found to form at room temperature inside all the modelled nanochannels, independently of their hydrophobicity, and its lattice parameter was the same within 61% as for graphene nanocapillaries (Extended Data Fig. 10e-h ). Furthermore, we checked that a crystallographic structure of hydrophobic walls was not important for the occurrence of square ice. To this end, a monolayer of water was confined between artificial carbon walls with lattices other than the hexagonal one of graphene (for example, a square lattice). Again, we observed the same square ice with the same a. This allows us to conclude that the square ice is likely to be common inside hydrophobic channels that can accommodate only a few monolayers of water. Further work is necessary to understand how different modelling parameters and geometries may influence the outcome of MD simulations and, for example, to explain the AA stacking for bilayer and trilayer square ice and the consequences of the terraced graphene confinement observed experimentally.
